METHODS
Isolation and cirltirre of organism. Oscillatoria sp., designated strain ~N T , was isolated from a marine mud sample taken adjacent to the Port Aransas Marine Laboratory, on medium ASP-2 (Provasoli, McLaughlin & Droop, 1957; Van Baalen, 1962) containing 0.042 p~-NiC1,.6H,0. The unialgal culture was purified by repeated streaking on agar (Difco 0140) plates of medium ASP-2. For growth rate and yield measurements, cultures were incubated in 22.5 x 175 mm Pyrex tubes in a water bath, patterned after the design of Myers (1950) , at 39 or 30 "C. Illumination was provided by four, three or two 20 W Daylight fluorescent lamps on each side of the bath, 7.5 cm from the front edge of the lamp to the centre of test tube, (39 "C) or with two lamps on each side (30 "C). At 39 "C, the same results were obtained irrespective of whether four, three or two lamps were used on each side of the bath. COz enriched air (1 & 0.1 %) was continuouslj passed through the test tubes. Growth tates and yields were determined by dry weight measurements: cells were gently filtered on Nucleopore 0.4 pm filters, washed carefully with distilled water and dried to constant weight in a vacuum oven at 45 "C over Pz05.
Radioactive uptake experiments. Organism 3NT was grown on limiting nickel (0-002 p~) to bell beyond nickel deficiency. ~N T is a filamentous organism, but it breaks up on mild treatment in a hand homogenizer to give reasonably uniform cell suspensions. [2-14C]Uracil, (2 pCi, specific activity 62 mCi mmol-l; Schwarz-Mann, Orangeburg, New Jersey, U.S.A.) was added to 15 ml of homogenized cell suspension containing 0.2 mg dry wt cells ml-l and the rate of incorporation was obscrved over a 6 h period in the light at 39 "C. Uracil has been shown to label RNA and, to some extent, DNA in blue-green algae (Pigott & Carr, 1971 ; Glaser et al., 1972) as a function of added nickel. Medium ASP-2 which had not been extracted with 8-hydroxyquinoline was used. The inoculum was grown in the same medium without added nickel (= nickel-deficient cells), and prepared by mild homogenization with glass beads (about 0.1 8 mm diam.). Test 1 ubes containing 20 ml medium and about 0.006 mg inoculum were incubated at 39 "C, with three lamps on each side of the bath. Cells were harvested 88 h after inoculation. There was no inhibition of growth at the highest Ni2+ level tested, i.e. 4.2 ,UM.
Before use, the growth tubes and bubbling tubes were cleaned by soaking in 10 % HCl, rinsing in distilled water, then soaking in Na,EDTA (50 mg l-l), followed by rinsing in distilled water; other glassware was washed in HCl and rinsed with distilled water.
containing Soluene 350 (Packard Instrument Co., Downers Grove, Illinois, U.S.A.). After the cells wzre digested, Insta-Fluor cocktail (Packard) was added and the samples were counted on a Packard 3255 liquid scintillation spectrometer.
RESULTS A N D DISCUSSION
The generation time of organism ~N T with a saturating level of nickel at 39 "C, with four, three or two lamps per bank, was rather low -about 15 h. The growth rate was not stimulated by the addition of NH,Cl(l to 2 mM), suggesting that assimilation of nitrogen was not the cause of the low growth rate. Low levels of nickel saturated the growth of organism ~N T (Fig. 1) . The saturating Ni2+ concentration of 0.05 pM was somewhat lower than values reported for Alcaligenes strains ~1 and ~1 6 (Bartha & Ordal, 1965; Tabillion & Kaltwasser, 1977) . However, it should be noted that medium ASP-2 contains EDTA (80 ,UM) whereas no EDTA was used in the work with Alcaligenes. We suppose that its presence may facilitate nickel uptake at lower levels by organism ~N T . The P-1 trace metals mix used in medium ASP-2 contained Co, Zn, Mo, Cu, Mn and B; and hence the nickel requirement of ~N T cannot reflect an impurity in the NiC12.6H,0 which provided one of these metals. Extraction of medium ASP-2 with 8-hydroxyquinoline caused little change in the results. In medium made with extracted major salts (Gentry & Sherrington, 1950) without added nickel, growth was not measurable; in unextracted medium, growth was marginal.
Yeast extract or Casamino acids at 50, 150, 300 or 1000 mg 1-1 did not spare the nickel requirement of organism 3NT. Glucose (0.01 1 M) or glycerol (0.022 M) plus Casamino acids (500 mg 1-l) also had no sparing effect on the nickel requirement. Casamino acids with or without glucose were previously found to stimulate the growth of some blue-green algae under conditions limiting photoautotrophic growth (Pulich & Van Baalen, 1974) . Their lack of stimulation of ~N T growth suggests that nickel does not act directly in nitrogen assimilation, or in carbon transformations. A role in electron transport is not excluded by these observations.
The addition of saturating levels of nickel to nickel-deficient cells did not affect the rate of incorporation of [2-14C]uracil or [U-14C]leucine over a 6 h period. Nickel also had no immediate effect on the photosynthetic rate of ~N T
as measured with an oxygen electrode.
